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1. INTRODUCTION

Virtual Beachversion2.3 (VB 2.3) is adecision support tool. It designedo
constructsite-specificMulti-Linear Regression (MLR) modeig predictpathogen
indicatorlevels(or fecal indicator bacteria, FIB) recreationabeaches. MLR analysis
hasoutperforned persistence mode(sising the most recent FIB concentration as the sole
predictor of the next FIB concentrations, i. 5 ¥:.1) atbeaches where conditions, such
as weathenyater conditionsandhuman and animal traffic levelshange significantly
from day to dayFrick, Ge et al. 2008)

1.10n Predictive Modeling

In anypredictive modelinggndeavoyvariability and uncertainty are always
associated with model outpuatising from a variety of reasons that are impossible to
eradicatecompletelyfrom the modeling exercise. Virtual BeazI3 attempts to be
forthright with this fact by issuing a probability of exceedance for any regulatory
standard that the user wishesrnweestigate. Even so, there is no guarantee than every
model prediction will be correct, and a situation where the model predicts water quality
to be good enough for public recreation might be erroneous. Decisialtieimr not
allow swimming at beaclsenust be made, however, and in the best case scetiaio
regression models developedh Virtual Beach2.3will outperform less rigorous
predictive efforts.

1.2Recommended User Background

Virtual Beach2.3is our attempto createa decision supposgoftwaretool that
will assist someone with little statistical knowledigeeveloping a multiple linear
regression model based on their available d&teme familiarity with regression
modeling and residual analysis will no doubt benefit a2/Buser althoughwe believe
that afteronly a few sessionsomeone with very little background in statistics can
produce defensible regression models using?\@ We note that thegdLR models or
any other statistical models, will only be as effective asl#te used to develop them.
No statistician, however skilled, can turn a dataset filled with worthless independent
variableg(i.e., IVs) into a useful predictive device.

VB 2.3 has fve major components:

e Beachlocationmap interface where users danat their site, define the
orientation ofthe beachand examine nearby potential data sources.

e Dataprocessingpreadsheenterface that facilitates the import and manipulation
of MLR model variable data

¢ Modelinginterface presenting options for perforigibLR analyses.



¢ Residualsomponent t@xamine regression residuals, allow optional elimination

of highly influential data recordsand perform recalculation die regression
model

e Prediction interface allowing entry olewdata and subsequent estimatodn
pathogen indicatdevels using aelected MLR model

Each component i s accessi bl easélectahte

t he

tabs. The Beach Location and Data Processing tabs are always visible, the Modeling tab

becomes visiblence the input data have been validated] theResiduals andILR
Predictiontabsappeamwhen modebuilding is complete and a model is selected.

Virtual Beach 2.3 =3
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Figure 1. The five major componenttabs of VB 2.3- the modeling tab is currenly active

1.3History and Comparison of Version2.3to Earlier Versions

Virtual Beach2.3is derived from the Virtual Beach Model Builder application
(VB1.0- also known as Virtual Beach v1.0) developedMsiter Frick and Zhongfu Ge

VB1.0 can be characterized as a MLR mebeilding tool that supports a primarily
manual analysis of data seia visual inspectn of data plots and manipulati of

variables (e.gtransformations, creating interaction terms), followed by an iterative

proces of testing, comparing and evaluating models. The fitness of developed models is
computed and tracked, all owing for comparis

for the dataset under consideration. This model can then produce estinpatésgé
indicatorlevelsusingcurrent or forecasted environmental data from the site.
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VB 2.3 enhances the functionality of its predecesgerfornming similar functions
(visual inspection of univariate data platsanual tansformations of individual variables,
MLR model building, prediction, et¢.but also automatg and extenshg functionality in
several ways:

e The Map component provides users with information on the location and
availability of local data sources (NWIS/NCDC data) through the map interface.
Thesesources can provide recently collected and/or forecasted data for generating
predictionsby a chosen MLR model.

e The Map component provides a convenient method for defining beach orientation
by overlaying the beach on current shtine layers (satéite images, Google
Maps, MS Virtual Earth, etc). Given this orientatidB 2.3 can calculate wind,
wave,or current componenté(component is parallel to shore adcomponent
is perpendicular tshorg, which can be important predictor variables.

e Although manual processing and analysis of imported data (visual inspection of
univariate data plots and the transformations/interactions of variables) has been
retained, thdata Processingpmponent oW/B 2.3 provides automated
generation of all possiblé®order interaction terms amongsset oflV's,
formation of more complex functions of multiple columasgdautomated testing
of a suite of variable transformations for improved model linearity. This
functionality increases the number of models to eatalaluring later selection
routines and removes the burden/difficulty of manual assessment placedson user
of VBL1.0.

e Multi-collinearity amongst predictor variables is handled automatically in the
Model Buildingcomponent. Ay model containing alV with a high degree of
correlation with othetV's (as measured by a large Variance Inflation Factor
[VIF]) is removed from consideration during model selectibhe VIF threshold
is userdefinedwith adefault valueof 5.

e During model selection, MLR models aanked by a useselected evaluation
criterion. Possible criteria include€Rdjusted B, Akaike Information Critdon
(AIC), Corrected AIC, Predicted Error Sum of Squares (PREES8)es
Information Criterion (BIC), Accuracy, Sensitivity, Specificity, o t he model 6s
Root Mean Square Err¢RMSE). Regardless of wh criterion is chosen, the
software records the ten best models in terms of that criterion. In comparison,
VBi1Ohad only a single comparative criterio

e As the number olVs ina dataset increases, possible MLR models increase
exponentially(considering transforms/interactiongsulting in trillions of
possible models from a modest number{B2 of IVs. VB 2.3implements a
Genetic Algorithm (GA)hateffectively and efficietly searckesfor the best
possible MLR model Alternativdy, VB 2.3users camperform an exhaustive
calculation in which all possible combinations'és are used and tested if the
number of possible models is reasonably s eaita 100,00Q) Both the & and



exhaustive approaes greatly expanithe modelbuilding capabilities of VB.3,
compared to VBD.

Users no longer have to enter data values in transformed, interacted, or
componeniddecomposed form to make a prediction with a chosen MLR model.
On theVB 2.3MLR Predictiontab, a useselected model is coded into an input
grid with data entry columnsmac hi ng t h e effestsdAny 6 s mai n
mathematical manipulation of thelés is then automatically performed prior to
making predictions.



2. INSTALLATION AND EXE CUTION

VB 2.3is developed with MS Visual Studio 20 written in C#, usingnultiple
public domain system componen®difen LuoDocking Ul,ZedGraphandGMap.Net)
andemploysa single licensed statistical library (Extreme Optimizatiodd license or
software purchase is required by the usengtall and run the applicatiphut an internet
connection is required to display mapssersmusthave MicrosofiXP or Windows 7 OS
with the DotNet Framework 410 assure proper installation and operatigissorted
errors have occurred when runnM@ndows Vista OS. CertainVB 2.3data
manipulation and moddduilding operations are computationaitlyensive so faster
CPUs are bettelhut mostnewlaptops or desktop systeswill be adequate Disk space
requirements are modest (less than 5 MB) if the Doxamnework is installedf not,
the Framework installer requiresl?5MB of disk space.TheVB 2.3 application
installer willattempt to download and install tb®tNet Framework 4.@ it is not
installed on the target systethis also requires a network connectidhnecesary, a
user can freelylatain theDotNet Framework4 installerat

http://www.microsoft.com/download/en/details.aspx?id=17851

The EPAG6s Center for ExpoWwwebsite Assessment
distributes VB2.3 at:

http://www.epa.gov/ceampubl/swater/vb2/index.html

Obtain and initiate execution of the \@B3 application installer and follow the estreen
instructions. The VB 2.3 application installer can be fouiad

https://iemhub.org/resources/vbmta? iemHub Virtual Beach Group members;
https://iemhub.org/groups/virtualbeach/jdmrequestGroup member access.

Finally, the software can be obtained fieguest (see the contacts list in the
Feedback section at the end of this documefitier instdlation, ashortcut willappear
on you desktop to start the software.

2.1 Viewing this Documentation

Vi rt ualUsd 6&wde tao Ise accessed within the softwaréhe toplevel
Help User Guide menu selection or in a cortssmsitive fashion vitheF1 key
Invoking F1 will launch Adobe Acrobat or Adobe Reader (if installed) and open the User
Guide to the appropriate page. Note that if the Guide is alreadytbpdfi keywill
haveno effect; users must cloBeader (or Acrobat) for F1 to launchdaopen to the
correct pageOr if the Guide is already open, users oarwigate to tharea of interest
viathe Table of @ntents. The User Guide (Virtual_Beach User_Guide.pdf) can also
be opened independently of prograperation; it resides within tii#gocumentation
folderof t he programbés installation folder.


http://www.microsoft.com/download/en/details.aspx?id=17851
http://www.epa.gov/ceampubl/swater/vb2/index.html
https://iemhub.org/resources/vbmb2
https://iemhub.org/groups/virtualbeach/join

3. OPERATIONAL OVERVIEW

Virtual Beach2.3is simpleto operae: it is categorized intoife functions each
with its own component or interface:

BeachLocationi a mappingabwhoseutility is meant to provide a basis for generating
orthogonal (alonghore and offshore/onshmeind, current and/or waveomponents for
the beach under consideaat; its use is optional. Sudomponents can be powerful
predictors ofpathogen indicatdevels at the bea¢ko usng the beach definition
component is recommended if the dataset under consideration contains/awedr
current data. Thigabis also useful for locating ndar NWIS/NCDC climate and water
gualty data sources for a specific location.

DataProcessing a spreadshe&tbto supportdata manipulation procedures on an
imported dataset. In addition to wind/currergvecomponent generation, users can
generateewindependent variabldbhat represent the products, means, sums, minimums,
and maximums of othd¥s, as well acommon data transformatiofa the I1Vs.

Statistical indicators help users select the Béstansfornatiorsin MLR model

building.

Modelingi thistaballowsselection of anyeligible IVs for consideration in MLR model
building and modegeneration. Modeyeneration is accommodated by useleced

model evaluation criteria and automsageneration of the ten best modelsfrom a

searchn which all possible cobinations of predictor variables are testedsiara

heuristic searching algorithm (the Genetic Algorithm or GA). Regression fit and model
variable statistics are generated to help evalinat usefulness of predictive variables and
overall fit. Time gries and XY scatter plgtas well as reports drestfit models can be
viewed and/or saved for further analysis and recording.

Residual Analysi$ thistabdisplaysplotof a model 6s regression r es
theirnormality statisticsand prowdes means to eliminate highly influential data resord

and recalculate the regression modgltered data sets can be exported for external use

and rebuilt models can be selected for the predittibn

Prediction-- thistabis comprised othreegridswhere users can enter or import the
needed IVdor the chosen modgknter or import observations that will be compared to
model predictions, and examine model predictions and exceedance probafiiities.
series and XY scatter plots of observationsugmpredictions are showm helpusers
gaugemodeleffectiveness



4. PROJECT MANAGEMENT

Oftentimes the user will put an imported datdakstugh lengthyre-processing
to prepare it for analysisTo avoid repeating all of thiswork,pr oj ect 0 fi |l es <can
and reopened via the Projegf Save and Proje@ Open menu selectiorbubsequent
openingof asaved projectile will load the processed data shaatlinformation on the
Beach Location tab, includirthe beach orientatiai the user had defined itHowever,
no modeling information is saved inside a project file.

Il n additi on bdep ccanfbe dpéned and saved,using anoices
under theiModelo menu at the top of the VB.3interface. A model file contains
information on thdVs, regression parameters, and other metadatadazurrently
selected model in the Modeling, Residual, or MLR Prediction Y@benever a model
file is saved, VB2.3will prompt the user to enter a Decision Criterion (DC), Regwator
Standard (RS) and Threshold Transformation for the model. These parameters will be
used as initial values (they can be changed when the model file is opened) for later
calculations of model sensitivity and specificity, which depend on the numberseof fal
negative and false positiveodelpredictiong(see Sections 7.6 and 7.7).

Whenuses open a previously savedadel file from withinVB 2.3, they are
taken directly to the MLR Prection tab where they can use the sawexielto generag
predictions.Model files are designed feituatons where a statisticalkgavvydeveloper
is charged witldeveloping regression modets fa number of beach sites. After the
developec h 0 0 s e s mael forka site, tthenodel file can besaved and then
deliveredto the beachmanagefho will not useVB 2.3for full-scalemodel
development, bubnly to input newdata, generate predictions, and make decisions
regardingswimming advisories.
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5. BEACH LOCATION MAPPI NG INTERFACE

OnVB 2.3application startupghe map mterface is showrbutusers can go
directly to theData Processing tab if desired.

Sl Virtual Beach 2.

Bear.hLocation] Data Processing } Modeling [ Residuals | MLR Prediction -

Map Controls Zoom
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Figure 2. Beach Location interface- the default map type is Yahoo Map, butisers have many
mapping options

5.1Finding a Location

The mapnterface provides map controlsatallow userdo look up alocation
manuallyby panning and zoommg (mouse dra@n the ma@and use of the mouse wheel
or zoom control). Altmately, a decimal latitudehgitudeor place namean beentered.
Thecontroluses Google Magseverse ge@oding network service to find locations.
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Figure 3. Beach Location tabcontrols and their function



5.2 Defining the Beach Orientation

Mapcontrol allowsdelineationof a beaclon the mago ascertain its orientation,
which isuseful if wind, waveand/or current flow components are to be used in MLR
modelbuilding. Maps, as opposed to satellite or hybrid images, provide less shoreline
detail so it is recommended that the map setting tigeea hybrid or satellite image prior
to adding point locations that define beach boundaries. Once displayed, click on the map
(a red marker will appear) and seldefi Ad 4Bedlc h Ma r k ghiséeprésentst o n
the first point of the extent of youehchshoreline Repeathisfor the second beach
marker and click on the map to indicate which siflthe shorelineepresents the water
then hit the #AddMaXKertpanswilMamgkeenrasyoladd them.n
Once the water marker is @eld a shaded box (the beadppearsand the computed
orientation angle will be displayed.

Virtual Beach 2.3
Project  Model Help

A “Beach Location ] Data Processing Modeling Residuals MLR Prediction -

Map Controls Zoom =

[3a5718 Lat
[-98.9648 | Lng
GoToLat/Lng
thens.G& | piscs
GoTo Place
Map Settings
<J
Type
1 ‘YahooS atellite v
Beach Orientation
Remove 1st Beach Marker
Remove 2nd Beach
Remove Water Marker

Beach Orientation |-115.1

Show Station Locations

[ Nwis [] NCDC
[J STORET

Remove Station Locations
Current Location
|41.6938076366803 | Lat
(7 egsea0ER0e2 | Lo

loading

|

Project Name:  Beach Name: Total number of possible models: 2,047 i
Figure 4. Adding shoreline and water markers to define beaclorientation

Points can be added or removed uiltd user isatisfied with the beach
representation. Trecallthe computed beach orientat in the data processing
componentgreation scree(seeDataProcessing section below), useas eithessave
and then reopena project file or they can note the beachraéon on the mapping
screerandmanuallyenter that angle on tle®mponents calculatioscreen.
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5.3Finding nearby Water Quality, Flow, and Climate Information Sources

Possible nedéry data sources fahearea of interest may be located and displayed
on the map.USGSNWIS andNOAA NCDC station markerata zoomeen map area
can be located and displayed by checking appropriate items in theindgw and
clicking the AShow RNBoaéeibhatothei 08BowbS8t abn
buttonis only enabled when zoomed to an appropriate levek(g.,zoom level three as
measured from the top of the zoom control slidégither of the selected station
categories (NWIS and/or NCS@e STORET station category, although present on the
control,is notyetfunctiona) are presenwithin the map display area, they will appear
Also note that the network server that prodUd&DC station locations restricts location
requests to onevery  second$ a onehalf minute delay is required for subseque
location requests and an error message will be displayed if the appropriate wait time has
notelapsed Once station location marlsre displayed on the mapoveringover the
top-left hand corneof any station marker willlisplay station ID informan. Withthat
information users can visithe appropriate web address to gather water/weather data for
the area of interest.

StatmID 09043199999
: Statlon Name: ATHENSZ

StationID: usssozzmm -
\ Statlon Name NDRTH OCONEE RIVER AT US 78, AT ATHENS. GA |

Figure 6. USGSWIS station marker showin station ID information

USGS NWIS web site URLhttp://waterdata.usgs.gov/nwis/inventory
NOAA NCDC web site URLhttp://www.ncdc.noaa.gov/oa/climate/stationlocator.html
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{# virtual Beach 2.3
Project  Model  Help
/Beach Location | DataProcessing | Modelng | Residuals | MLR Prediction | v

Zoom =il

395718 L

o

-98.9648 Lng
GoTo Lat/Lng
gary. IN Place <

GoTo Place

< )
f
°
o
o
=
S
@

Map Settings

Type

BingS atellite v

Beach Orientation

Remove 1st Beach Marker

Remove 2nd Beach

Remove Water Marker

Beach Orientation | 1151

Show Station Locations

NwIS NCDC
[ sTORET

Remove Station Locations

N o2 ry

Station ID: USGS-413711087141500 _"‘-’
Station Name: USGS DUNES WELL 251 27FT [

Current Location
1.6174956892424 | Lat
-87.1600341796875 | L

II

ng

loading

v
Project Name:  Beach Name: Total number of possible models: 2,047 i

Figure 7. Beach Locationinterface showing station narkers near Gary, Indiana

5.4 Saving Beach Information in a Project File

Use theProjecy Savemenu bar selection to opersaveFile dialog ando save
the project information to diskBeach marker and angle information is saved in the file
name providd; the saved file can enywhereputusngt he A Pilesoj ot der
(found in thevB 2.3root install folder) is recommended.
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6. DATA PROCESSING

6.1 Data Requirements and Considerations

VB 2.3accepts files from Excel 2007 or earlier (Excel 2&lf@ot currently
supported), as well @a®@mmaseparatedralue (CSV) texfiles. Inputdata must conform
to certain standds

e The first row of any dataotumn mustbe a headewith the [Vsname For best
operation of the software, thelumnname should be composed of letters,
numbers (dondt begi n berjand/a ondensoores, nea me wi t h
A _. ®ther charactersicolumn names can cays®blems.

e Thefirst (left-most)column of the dataset must igentificationfor the
observationstypically a date or time stamp that indicates when the observation
was colleted. The only requirement is that each MWST have a unique ID.

VB 2.3will not import datasets with ncanique 135 in the first column.f the
first column isatime stampyB 2.3 s pl otting funcéions wil/l
column is in chronologicarder, from earliest to most recent observations.

e The second column of the dataset will initially be set as the dependent or response
variable;however, this can be changed after data are imported. Any subsequent
columns will e consideretb belVs.

e Variable measurement uniése not consideredbut certainlyaffect predictions
Make sure any data used for predictionsiatee sameinitsasthose used to
build the modelsfor exampledo notbuild a MLR model with water temperature
in degrees Fahrenheihen later importvater temperature in degrees Celsius for
predictions. It igrudent to include unit information in tlkelumn namesge.g.,
WaterTemp_Cjo remind the usesf theproper units whemaking predictions

e Missing data (blank cells) are permitted on import, but must be dealt with in Data
Processing prior to modeling.

e If present intheimportedExcel data sheobther than ircolumn names or the
first ID column) cellswith non-numericvalues(i.e., symbols or textareturned
into empty cells.If suchnon-numeric characters are present in an imported .csv
file, they will be imported to the data grid, but will be recognized as anomalous
data during the required validation scan and will haveet dealt with (deleted or
turned into a numeric value) at that time.

e VB 2.3recognize any column of data with only two different values as
categorical. If you have a column of categorical data with more than two values,
you can designate it as categaltj using methods described below. The
ramification of a variable being identified as categorical isWBaR.3leavesit
out of transformation processes.

e There is no hardodedlimit on the number oV columns one can import
however a practical limi existsthatdepend on system processing resources
There is als@n inherent limit- documentation indicates that the grid components
used in the application are designeddonaximum of 300 columns before
performancessues degrade the applicatidviodeling250+ columns of data
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presentsirca2(10f° possible data combinations for MLR processifie

Genetic Algorithmhandles this modeling tadbutc hoosi ng ARun al |
combinationé would likely take an immense amourittome to complete

Depending on how many additional 1Vs wik created by the user, importiag

dataset with less than 100 IVs shouldabeeptable.

6.2Import ing a Dataset

When usesfirst click on the Data Processing tab, they open a dataset using th
Al mport o b utsupadialog sciebni wherebardirectayy explorer can be used to
find the data file and open it. If the dataset i€a&oel file with multiple sheets, a dialog
box opens to ask the useriainto import.

1 Virtual Beach 2.3

Project  Model  Help

Beach Location )/Data Processing ] -

L Impart, ] “Walidate Caompute &, O M anipulate Transform Go to Modeling

Laok in: |@ Desklop V| € ] ? = '

BMV Documents 1) virtual Beach
A gf My Computer i@faﬁtasy.xlsx
My Fecent ‘aMy Metwork Places @M_Fi\es
Documents @ACT @Shortcut to Agent exe
@Act\onSpactra Testlng.xls
IC)Brown Bags wo\lastonjloz.xls
IZ)Dropbozx
IL2IEPA Suppart: Tools

ISy GarrisonDDTinFishes
@KinerusZ
@Man\tnwat

I Merrimack Permit
IC)Peterson Guide Maps
IR, Stuff

ICZ5haff

My Documents

tdy Computer

File: name: “ l. Open ]

My Netwark. Files of type: ‘ Excel Files [ Cancel ]

Project File Mame: Project Mame:  Eeach Mame: Status: ready i
Figure 8. Importing a datasetinto the Data Processing tab

Once imported, the data grid is shown as a spreadsheet on the highgecbnd
columnof the spreadsheaitill be highlighted in blue to indicatesistatusas the current
response variableinformation about thelatasetsuch as number of rows and columns,
name of the ID column and name of the response variable, appear on ti¢ tlifs.
point the grid cannot be edited or interacted with in any matiheraccessdditional
processing factionality, thedata must be validated.

6.3 Validating the Imported Data
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The fAValidatedo options window can be acce
at the top of the Data Processing tabisTindow primarily launctesarequired da
scan to identify blanknd nornumeric dataells in the imported spreadsheétowever
onecan alsdind andreplaceother specified values (e.g., a missing data tag-9k8) in
the dataset using the A(Optional) Find: o0 inp

& - [=]x]
Project  Model  Help

File: Testing xlz [ Import ] I Validate

Colurnn Count 13

Row Count 709

Date-Time Index Tstamp Tstamp LogCFU_E cali Turbidity ‘waveHeight Wisibility Dry_Bulb_F ‘whet_Bulb_F

Responge VYariable LogCFU_E... » 5 5 3431 a2 ] 10 4 55

Disabled Row Count I 3BE77.375 2,008 12 _ 66

Disabled Column Count 1] Validation

Hidden Calumn Caunt ] 3EE78.375 185 77 ]

Independent */ariable Count 11 662375 274 55 [iata Validation 56
36683375 382 133 52
36684.375 2688 93 =)
36B86.375 1.265 21 1)
36689.375 2833 20 [Optional] Find E2
36630375 2.845 35 70
36691.375 2.204 14 74
36692375 2157 " 2]
3EBIE.375 3322 51 2]
3EBIF.37E 2.265 20 B4
36638.375 2146 20 72
36639375 2279 18 65
36703.375 1.204 54 70
36705.375 1.833 991 E5S
36706.375 2111 625 E1
36712375 1.803 4.075 BE
36713375 1811 5.8 B4
36717.375 1.763 714 72
36718375 2322 13 ]
36719375 2.304 14 E1
36720375 1.544 13 10 72 [54]

Project Mame:  Beach Mame: Status: ready :}

Figure 9. Data validation required to begin data processing

To validate the data, theused i c ks A Sc aesthroughtheB t hen go
spreadsheet, cell by cell, looking for blankonnumerig or userspecified valus
entered i n t h.elfofeffthestypes ofcehssdotingdtheosgan will stop
to highlight that cell Usess must decide how to deal witheglkell using choicesn the
AAct i on:othegoarceplacethe bad cell withspecified vale, usingthei Re p | ac e
Wi t h: doxiomtpeycandelete the row or column containing the bad.c&he user
must decidavhere to implemerthe chosen actiowitht he fATakeéet Angtenuboon W
Possi bl e ®hhot ice sCalrle, & A Onlyy tthhiss CRdw,ntn , MO A E
Row, 0 AEntire Col unitamsdn thés menu drdcontesenstive,Sheet . 0
i.e., they change depending on which Action is selected. This setup gives the user
flexibility, for example,to delete all rows containing mieg values within onspecific
columnofdatd Acti on woul d be fADel ete Rowad taken wi
replace all missing values withuaerspecified numeric valueithin another column of
data (Action would be AfERdap Ireec dhedalitrodm, 09 .t ak en
and column reference wil/ always refer to th
Action Withind menu, the u¥B2Bmakéshecks t he ATa
specifiedchanges to the spreadsheet #re scan attinues When the entire
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spreadsheet has been scanned and all bad cells have begviBix@8reports thafino
anomalous data have been fowrahdt he user can click the HfARetu
Scan window.

As stated earlielyB 2.3 will not attenpt to transform categorical data columns.
It automaticallyidentifies columns with only twanique values as categorical, but if the
user has other categorical IM&th more than two categories,oe shouldbeidentified
toVB2.3byt he fl demtiicfay Vatregdl esd button.

%) Virtual Beach - (O]
Project  Model Help
File Testing.=ls I Import ] [ Validate
Column Count g
Fiow Count 7
Date-Time Index tstamp tstamp LogCFU uy airbernp centershintemp = i p | windSpeed
Response Variable LogCFU 3650733 1452 60 293
: Validation
g‘sag:ag EOIW CDEN g 38507.46 0.8653 1403 234
it
Fiober Coten ot T 38507 3 116116 1585 07 Data Vaidation
Independent Y ariable Count & » 3350833 1738 _ 293
38508.46 1.028 1308 29
38608 63 0.3 1568 304
3852146 1627 1342 286 OetoralFng ||
3852163 1.247 1276 282 el
3852233 1773 225 25 O Replace with I:l
3852246 09379 1260 3z @ Delete Row
38522 63 0.9542 1408 294 O Delete Column
3852833 1.078 295 57
3852846 0.97 1800 308
3852863 1.195 500 34
3853533 1239 293 2319
3353546 0633 1537 31E
3863563 01781 1763 31
38636.33 1176 286
|dentify Categorical Variables
38636.46 01249 1481 298
38536.63 o 1802 303
38537.33 1222 292 231
38537.46 05643 E7S 30
38637 63 0.E368 1834 3nz 34 324 1
3354533 2727 292 284 276 27k 1
Project Mame:  Beach Mame: Stakus: ready

Figure 10. Contexts ensi ti ve choices for tdowveméniake Action Withi
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6.4Working with a Dataset Postvalidation

After the datasdtas passed the validation sctng functionbuttons across the
top of the Data Processing tabe enabled.

Virtual Beach 2.3 E@E|

Project  Model  Help
File: Testing xls [ Impart, ] [ Walidate 1 [ Compute &, O I [ Manipulate ] [ Transform ] [ Go to Modeling
Colurnn Court 13
Flow Caunt 703
D ate-Time Index Tstamp Tstamp LogCFU_E coli Turbidity ‘wlaveHeight Wisibility Diry_Bulb_F ‘wiet_Bulb_F e
Response Yariable LogCFU_E.. » 35 75 3431 @ 1 10 G 56
Disabled Row Count 0 3BE7F.37E 2.008 12 1 10 73 66
Dizabled Colurn Count 1}
Hidden Column Caunt 0 3BE78.375 1.58 7.7 1 2 70 68
Independent Variable Count 11 36682375 274 E5 4 10 =] 56
36683375 a8z ] 4 10 54 52
36EE4.375 2686 a3 1 10 B4 58
36685375 1.255 21 1 10 5] &0
3EER9.375 2833 20 ] 2 E3 62
36690.375 2845 e} 2 B T4 70
36691.375 2204 14 1 7 il 74
36692375 2157 A 1 10 73 68
3BE9E.375 3322 51 2 10 ES 58
3BESF. 375 2.255 20 1 10 72 64
36692375 2148 20 2 10 75 72
36E99.375 2273 18 2 10 T4 65
36703375 1.204 5.4 1 10 76 Hil
36705375 1.833 4491 ] 10 53] 65
36706375 211 E25 2 10 B4 1
36712378 1.803 4.078 1 10 il 66
36713378 1411 58 2 10 72 64
3EFI7.376 1.763 714 2 7 ] 72
3E718.375 2322 13 ] E 73 68
36719.375 2304 14 1 10 1 61
36720.375 1.544 13 1 10 72 65 A
< ¥
Project Mame:  Beach Mame: Stakus: ready

Figure 11. Postvalidation enabling of the Data Processing functionality

At this point, he grid cell§other than the ID columrgre editablé that is, users
can manually entenewnumeric datanto the cells by doublelicking on a celland
typing in a new valuevB 2.3doesnot allowblankcells or nornumeric datan cells
Additionally, a rightmouseclick on an IV column headgresens options
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[ Y alidate l [ Compute &, O ] [ b anipulate

LogCFU e Disahle Cu:ulun'.m wavehei
W 1452 30 015

08653 1403 et Response Yariable 0z

0.8016 1555 Ve Plots 02

1.738 37 rE 0.2

1.028 1308 29 0.2

0.30 1568 309 0.2

1.627 1342 286 0.0z

Figure 12. Right-click options on columns that are not the response variable

ADiIi sabl e Gtheé colommddexttred and prevesithe column from being
passed to thdlodeling tabof VB. Previouslydisabledcolumns can bactivatedusing

AEnabl eo®BeétumMResponse Va iVitemdweesponse ariablema k e

andit becomsblue as a visual indicatiaof thischange.i Vi ew Plsanewd show
screen with column statistics at the far left and four plots for tha{1ya scatterplot of

the IV versus the response variable in the upper left p@)el,plot of the IV values

versus the ID column at the upper right (a time series plot if the ID is an observation
date),(3) a boxandwhiskers plot at the bottom left, a(d) a histogram for the IV at the

bottom right.

Variable airtemp

Data WValue

WYariable Mame ailtemp
Fiow Count 37

Time Series Plot

=

I awinnuam Y sl 3570
M i W alue 26.00
Awerage Value 3011 36
Unique alues 30 3
Zero Count a a 4
Median Value 23.900 o
[rata Range 10.700
3 32
AD Statistic 0.2589 T a 2
AD Stat Palue 06359 -3 g w
hean Yalue 3001 5 ®
Standard Deviation 2459 1 38
Variance 6.045
Kurtosis 0767
Skewness 0.787 o =®
4
-1 2
a2 24 % 3 a0 b+ 34 36 8 3850 3851 3852 3853 3954 3855 03850 3857 3048
airternp tstamp (10°3)
Boxwhisker Plot Frequency Flot
e "
g 12

0 I:% o

F
2 2

iy
[

a
2w 5
=

Replat !
Figure 13. Four different plots available for evaluation of IVs

21

t

h



The scatter plot (upper left) is probaltihe mostexamined, as it can indicate a
nortlinear relationship betweehe IV and the response variable, problems with
homogeneity of variance across the range of the 1V, oreositliEnsuring that the 1Vs are
linearly related to the response variable ike probability of producing ebust,
meaningful analysis. If thelationship between the response and the IV is not well
approximated by a straight line (a fundamental assumption of MLRgy be beneficial
to transform the IV. UsinyB 2.3to accomplish this will be explained later in this
document The scatterplbalso showthe besfit regression line in red, along with the
correlation coef fi ci evalue)d thecorelatianncoefficientat si gni f
the top of the plot. For the most parvgduesbelow0.05 are considered statistically
significant.

Identifying odd valuegpotential outliers or bad data) anyIV can often be done by
visualy inspectngthese plots. fluses doubleclick on the data point marker for any
observation irone of the topanelsor the bottom left pandi.e., notthe histogram), they
can disable that point (the row) in the data grid.

Scatter Plot

r=-03772 P-Value = 0.0214 O  aitemp
4 — +r 1 r 1 1 r v 1 * 1+ 1 Tt 1 1 1 Tt t T T T T T

a4 4
1 o ]

Disable Row containing 77162005 7:55:12 AM

LogCFU

22 24 26 28 ao 3z a4 36 38
airtemp

Figure 14. Disabling an observationfrom within the XY scatterplot

The final choice-fi De | et e -- @letks a gulonen from the data grid, but the
original columns of the imported data sh@éB 2.3thinks of theseasi mai n ef f ect s o0)
cannot be deletedRows can be disalideand enabledbut not deletedfrom the data grid
by right-clicking the row headeffar left of each row) and making the desired choi
If the user righitclicks on the column header of tressponse variable, a different
set of choices is shown:
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[rpart ] [ Walidate ] b anipulate

tstamp LogCFLU e sittamp wavehe
, 145 Transform [ 3 015
: Yiew Ploks | i
38507 45 [.8E53 | 0z
2850763 08016 Set Defined Transformed ¢ TS 0.z
38508.33 1.738 337 29 t”gw 0.2
n E
3850845 1.028 1305 29 power 02
3850853 0,301 1562 ang 0z
38521 46 1627 1342 286 0.0z
3852163 1.247 1276 28.2 0.0

: AR '1':1. "I T2 - "TZIF. R . nm
Figure 15. Available choiceswhen right-clicking the current response variable

Users can transform the rpsnsevariable in three way$og;o, [0ge, Or apower
transformation (raising the responsatexponenty®). They can alsan-transformthe
responsgview theplotsshownpreviouslyfor the IVs, or define a transformation of the
response variable. This optiis usedvhen a datasheet is imported wath already
transformedesponse variable. For example, sseuld import a datasheet with leg
transformed fecal indicator bactehgvels andhendefine theresponse as being lgg
transformed. Ding thisfacilitates latercomparisons with observations, decision criteria,
and regulatry standards When usestransform the response variable witMB 2.3
using the @TrVB A3altomatiodly definds Brespgnse as having the
chosen transforation and in doing sq synchronizes the units of measurement for later
comparisons.

6.5 Computing Alongshore and Onshore/Offshore Wind, Wavend Current
Components

Orthogonawind, current, and waveectors can be powerful predictors of beach
bacterial concentration®epending on the orientation of the beasimd and currents
can influencehe movement obacteria from a nearby sourttethe beachandwave
actioncan resuspend bacteria buriedleach sedimentlo make more sense of these
datg reseechers typically decompose wind/current/wave magnitude and directmA
(alongshorepand O(offshore/onshorejomponents foanalysis(seeequationsat the end
of this sectioh
If direction andmagnitude (speddeigh) data are availabléy, andO components can
be calculateadvitht h e fA Co @p u b aClitkingit.bringsup a window where
uses specify whichcolumns of the datgrid contain the relevant magnituded direction
datg using dop-down menugFigure B). There is also an input box at the bottofihe
form for the beach orientation angle. If the user definegithn g1 e on t he Mf@ABeach
Locat i thatgaluesholldpbe seenhereAf t er c¢cl i cking AOK, 0 new
are addedd the far right ofthe data gridrepresenting the A and é@mponents othe
specifiedwind, current, or wavedata. Unlike the originally imported IVshese
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componentgan be deleted from the data grid after they are cre&taches of these new
columnswill be WindA_comp{X,Y,Z), CurrentO_compX,Y,Z), WaveA _compX,Y,Z2),
etc, where Xs the name of the column of data usedniagnitudeY is the name of the
column used fodirection andZ is the beach orientation angle.

Figure 16. Window for computation of alongshoreand offshore/onshorecomponents

Notes orwind, waveand currenttcomponent calculations:

Direction is an anguladtegreemeasure Moving in a clockwise direction from north
(O degrees), aluesarepositive andnegative while movingcounterclockwise. Wind
and currenspeedas well as wave heightan be measured anyunit. VB 2.3adheres
to scientificconvention whergvind drectionis specified as the directidrom whichthe
wind blows, while current andiave directions arspecified as the directidoward
whichthe currenbr waves move Thus wind blowing from west to east has a direction
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